The aim of this paper is to examine the parallelism between tonal transitions and musical note transitions in Thai pop songs based on the data from 30 current pop songs. The results suggest that there is a statistically significant parallelism between tonal transitions and musical note transitions. Interestingly, the results show that both contour tones, RISING and FALLING, typically pattern with HIGH with respect to the mapping between tonal transitions and note transitions. Nevertheless, when two FALLING occur consecutively, the offset of the second one is used for mapping. Our results seem to find further support for decomposability of contour tones in Thai. Furthermore, they suggest that Thai pop music composition does not strive to maximize parallel transitions but prefer to avoid opposing transitions.
Introduction
Pitch is an important element in both language and music. In languages, pitch is used to convey different levels of meaning, e.g. lexical, sentential, attitudinal, emotional etc. In music, pitch serves the melodic structure, whether played on instruments or sung by voice, in order to express meaning to the listener. However, pitch in language and music differs with respect to how it is treated. While pitch in language is treated as a relative difference, pitch in music is treated as an absolute difference. Given their similarity and difference, it is important for our understanding of human cognition to examine the relationship between pitch in language and music. Of crucial relevance are languages that use patterns of relative pitch to convey lexical contrast. It is a puzzle how tonal languages relate their lexical tones to musical melody, which is made up of patterns of absolute pitch played on instruments or sung.
One pertinent question is how contour tones are treated in the mapping between tone and melody. To answer this question, the Thai language is a great case study because its five tones, shown in Table 1 , have been studied quite extensively both in terms of acoustics, perception, as well as phonology. However, little research has been done on the mapping between lexical tones and music in Thai, especially with respect to the treatment of contour tones. RISING khǎ: "leg" [24] Table1: Thai lexical tones
Since in Thai songs syllables and musical notes are typically mapped to each other in a one to one relationship, an interesting question is how these complex tones are treated. In this paper, we examine the tone-melody mapping in current Thai pop songs. Our results indicate that, like other genres, Thai pop songs show a degree of parallelism between tonal transitions and musical note transitions. In addition, they show that both RISING and FALLING tones typically pattern with HIGH with respect to the mapping between tonal transitions and note transitions.
Literature review
Mapping between lexical tones and musical notes is one of the topics that have been widely studied in the past decade. While a few studies compare lexical tones to the absolute pitch of musical notes (Yung, 1983; Chao, 1956) , some have investigated parallelism between tonal transitions and melodic transitions, i.e. mapping between the directions of adjacent note transitions and adjacent syllable transitions (Schellenberg, 2009; Wee, 2007; Ho, 2006; Baart, 2004; Wong and Diehl, 2002; Agawu, 1988) .In our opinion, the latter method seems to be a more effective way to investigate the mapping between lexical tones and musical notes because it does not compare absolute pitch with relative pitch. Since pitch is treated as a relative difference in language but as an absolute difference in music, investigating mapping between individual tones and individual notes may miss crucial generalizations. It is thus more reasonable to examine pitch in both language and music in terms of relative pitch difference by comparing the directions between successive lexical tones and successive musical notes.
Study of tone-melody mapping in general
Most previous studies that investigated how lexical tones transitions and musical note transitions are mapped have revealed parallelism between tonal transitions and musical note transitions in languages. For example, Wong and Diehl"s (2002) results on Cantonese, based on four contemporary songs, show a very high degree of parallelism between musical and lexical melodies (91.81 %).
The factors that have been reported to affect the degree of parallelism are their position within the melody. Wee (2007) suggested that the parallelism in Mandarin songs will be high in the most prominent beat in the Mandarin folk songs.
Shona, Schellenberg (2009) also examined the parallelism between speech and sung melody. Instead of using musical notes, he based his analysis on pitch tracks of the recorded songs. Despite the difference in methodology, this study still found a statistically significant number of parallel transitions.
However, cases that do not show parallelism between tonal transitions and musical note transitions do exist. For example, Agawu (1988) investigated northern Ewe songs and found that the pattern of tonal transitions did not match with sung melodies. In addition, Baart (2004) reported similar finding for Kalam Kohistani. Similarly, for mandarin pop songs, Ho (2006) suggested that there is a disagreement between tone and tune.
Interestingly, in their study of Dagaare, a twotone language without parallelism between tones and tunes, Bodomo and Mora (2000) suggested that the degree of parallelism relies on the number of tones in each language"s inventory. It predicts that in a language with a rich tonal inventory, the degree of parallelism will be high. However, studies on Kalam Kohistani (Baart, 2004) and Mandarin (Ho, 2006) disproved Bodoma and Mora"s hypothesis.
Another important issue is the treatment of contour tones. Since contour tones involve dynamic changes in pitch, it is puzzling how they are mapped with musical note transitions. Ho (2006) and Wong and Diehl"s (2002) studies on Cantonese pop songs suggested that the tonal endpoint of Cantonese contour tones are used as the relevant portion in mapping.
Study of tone-melody mapping in Thai
As for Thai, three important pioneering studies have revealed that Thai, like most tonal languages, is characterized by parallelism between the transition of lexical tones and the transitions between two adjacent musical notes. In other words, tonal transitions and note transitions between adjacent syllables in Thai songs typically agree in direction. List (1961) examined the mapping between tonal transitions and musical notes in recitals and chants in Thai. The results show that the degree of parallelism between tones and sung pitch in recital reaches approximately 90 percent. In contrast, the correspondence between tones and musical notes is only approximately 60 percent in contemporary songs.
Similarly, the results of Saurman (1999) showed that the degree of parallelism between tones and tunes in classical and traditional songs is approximately 90 percent. For contemporary songs, which borrow elements of western music, the degree of mapping parallelism was between 60 to 70 percent. The parallelism was also low (42%) for western hymns translated into Thai.
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Interestingly, the degree of mapping for the Thai national anthem was also only 32 percent. Not only do these studies reveal parallelism between tonal transition and sung pitch in Thai, it also shows that musical genres have an ineligible effect on the degree of parallelism.
In addition, Ho (2006) applied the idea of using the tonal endpoint in one Thai pop song and found that the tonal onset of FALLING may be the relevant part for mapping. More importantly, her study showed that the degree of parallelism is approximately 80 percent. In her observations, the mismatches are generally caused by FALLING. In summary, the results of many studies concerning Thai songs show that there is parallelism between tonal transitions and musical note transitions. However, most studies do not systematically examine how the contour tones are treated in Thai songs. Moreover, they are based on a limited number of songs. To reach a better understanding of the mapping between tonal and note transitions, we focused on the treatment of contour tones, based on data from a relatively large corpus of Thai pop music.
Methods
This study examined the parallelism between tonal transitions and musical note transitions in 30 popular Thai pop songs 1 . The melody of each song was transcribed using musical notation by the researcher. Moreover, music notations in this study were then double checked by a professional musician. The lyrics were transcribed using IPA symbols such that each syllable is aligned vertically to its corresponding musical notes as exemplified in Figure 1 .
Note transitions between two adjacent syllables were manually extracted from the corpus, excluding cases of one-to-many and many-to-one mapping of syllables and musical notes. To control the boundary effects, transitions across the melodic phrase boundaries were also excluded. In addition, syllables that have been described as "surface toneless" (Bennett, 1995; Luksaneeyanawin, 1983; Bee, 1975) were excluded to avoid possible noises.
By identifying such toneless syllables with Luksaneeyawin"s "linking syllables", we were able to exclude all unstressed CV syllables containing /a/. For example, words like /rátthàb n "government" and th rám n "suffer" are typically realized as [ˌrátthəˈb n and [ˌth rəˈm n respectively In these cases, -tha-/ and /-ra-/ were not included in the analysis.
After extracting the eligible adjacent syllables, we then classified the directions of the musical note transitions into three major groups: ascending, level and descending. If the second note was higher in pitch than the first one, e.g. from note C to note D, we assigned the musical transition to the ascending category. When second note was lower than the first one, e.g. from note E to note D, we counted it as having a descending transition. Lastly, if the adjacent notes were identical in pitch, e.g. from note F to note F, we classified its note transition as a level transition. Crucially, we did not set an a priori assumption on how the contour tones were decomposed into sequences of H"s and L"s. Instead, we used the five lexical tones as primes in the analysis. Below are the 25 pairs of adjacent tones used to compare with directions of note transitions. 
Treatment of contour tones
To examine how tonal transitions and note transitions are mapped, we carried out a statistical analysis to test whether the tone pairs are preferably mapped with ascending, descending, or level note transitions. The Friedman test provides a means to test whether several groups differ significantly and it is used for data that does not show normal distribution. However, the Friedman test only tells us whether there are statistically significant differences among groups. It cannot identify which pair is significantly different. Therefore, the Wilcoxon test is required to examine which pairs differ from each other significantly. In this study, the 25 tone pairs and the three directions of note transitions were the independent variables and the dependent variables respectively.
Ascending transitions
Tone pairs that occur with ascending note transitions more often than other types at a statistically significant level were classified as having ascending tonal transition.
Among the 25 pairs of tones in adjacent syllables, five, shown in Table 3 , belong to this type of transition.
All the tone pairs that are preferably mapped with ascending note transitions are ones whose second member is higher in pitch than the first. As expected, the results in Table 3 show that ascending note transitions were mapped with tone pairs with a higher second tone. In particular, cases of MID → HIGH were mapped with ascending transition at a statistically significant level (p<0.001). Similarly, tonal transitions of the types LOW → MID and LOW → HIGH were also mapped with ascending note transitions at a statistically significant level (p<0.05). Most importantly, both MID → RISING and LOW → RISING were mapped with ascending note transitions at a statistically significant level (p<0.01). This indicates that RISING behaves like HIGH with respect to tonemelody mapping. In other words, the RISING is treated as if it was HIGH.
Descending transitions
The tone pairs that were mapped with descending note transitions more often than other types at a statistically significant level were classified as having descending tonal transitions. As shown in Table 4 , tone pairs in which the second tone is lower than the first one were typically matched with descending note transitions. To illustrate, cases of MID → LOW were mapped with descending note transitions at a statistically significant level (p<0.01). Similarly, HIGH →MID and HIGH → LOW were also mapped with descending note transitions at a statistically significant level (p<0.01). As expected, RISING → MID and RISING → LOW were also mapped with descending note transitions at a statistically significant level (p<0.01), providing further support for grouping RISING with HIGH. In addition, FALLING → MID and FALLING → LOW were also mapped with descending note transitions at a statistically significant level (p<0.05), suggesting that FALLING also patterns with HIGH. Most interestingly is the fact that FALLING → FALLING were mapped descending tonal transitions (p<0.05). If FALLING is always treated as if it was HIGH, we would expect two consecutive FALLINGs to be matched with level musical transitions. An explanation for this surprising mapping will be discussed later (see section 6).
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Level transitions
Tone pairs that were frequently mapped with level note transitions than other types at a statistically significant level were classified as having a level tonal transition. In summary, the results suggest that both RISING and FALLING are treated as if they were HIGH. In the case of RISING, its offset is used as a reference for tonal mapping. For FALLING, the result reveals, in contrast, that its onset is the important element in the mapping. Intriguingly, the pair FALLING → FALLING is also considered to have a descending tonal transition rather than a level transition.
Result of Parallelism
Based on the results in 4, tonal transitions were grouped into 3 categories according to their directions, as summarized in 
Table6: tonal transition categories
After assigning the tonal transitions to the tone pairs, we coded the mapping between the tonal transitions and musical note transitions in terms of parallel, opposing and non-opposing. Tonal target transition which agrees with musical transition in terms of directions of pitch change was coded as parallel. We coded it as opposing if the tone transition and note transition went in opposite directions. Tonal and note transition that did not agree in direction but did not go in opposite directions, was coded as non-opposing.
Parallel
Opposing Non-opposing 
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notes had 4798 transitions. Parallel mapping between tonal transitions and musical transition occurred at 55.3 percent. This was more often than opposing and non-opposing transitions at a statistically significant level (p<0.001). Also, 732 cases of the mapping between tonal and musical transitions were opposing (732/4798, 15.25%). Interestingly, the number of non-opposing transitions (1414/4798, 29.47%) occurred more often than opposing transitions at a statistically significant level (p<0.001). This seems to indicate that non-opposing transitions are acceptable in Thai pop music.
In summary, our results show that parallel transitions occur more frequently than the mapping of opposing transitions. Adjacent tones in which the second tone has a higher pitch than the previous one was mapped with an ascending melodic transition. Likewise, successive tones in which the second note is lower than the previous one were mapped with descending melodic transitions. However, tones of the same height which occurred adjacently tended to slightly map with level transitions.
Discussion
From our results, three issues deserve special attention: decomposability of contour tones, nonopposing mapping, and some factors that should be controlled for future study.
Firstly, this study offers further evidence in support of decomposability of Thai contour tones. In the case of RISING, our study found that the tonal offset has to be referred to in the tone-melody mapping. This suggests that RISING is composed of L followed by H rather than being an atomic unit. In the case of FALLING, our study showed that the tonal onset of FALLING in Thai normally has to be referred, confirming Ho"s observation that the onset is the more important element or headship of FALLING in tone-melody mapping. Nevertheless, from our results, not only is FALLING"s tonal onset important, but also its tonal offset is relevant for the mapping. To illustrate, when two FALLING occur consecutively, the offset of the second one is used for mapping. This fact also suggests that FALLING is composed of level tones (H followed by L) rather than being a unitary unit. From the phonological perspective, many phonologists, e.g. Gandour (1974a) , Yip (1982) and Morén and Zsiga (2006) Secondly, non-opposing transitions are acceptable in Thai pop music. As seen from a previous section, non-opposing transitions occur more often than opposing transitions at statistically significant levels. More specifically, when tone pairs with identical first and second members occur successively, although they tend to map with musical level transition, the percentage of mapping with musical ascending and descending transitions is close to that of level transitions. In other words, Thai pop music composition does not strive to maximize parallel transitions but tries to avoid opposing ones. The results should be further tested by perception studies in the future.
Finally, some additional factors should be studied in order to obtain a clearer picture of parallelism. To elaborate, the greater degree of parallelism might occur if we control for such factors as the note value and word stress. For note value, parallel transition tended to map with the note which contained the most prominent beat in the phrase of the songs. Furthermore, we observed most of FALLING was mapped with stressed grammatical words. For example, words like /mâj/ "not", /k / "also", /thî: /"REL", yîŋ and t ŋ "must" occurred frequently in our data and created opposing transitions. Excluding grammatical words and unstressed words might yield a lower percentage of opposing transitions. To conclude, in future studies, factors like stress, note value and grammatical word status should be also controlled for clearer results.
Conclusion
Based on data from a larger corpus than earlier studies, our results suggest that in Thai pop songs, like other genres, there is a statistically significant parallelism between tonal transitions and musical note transitions. They also agree with the findings by Ho (2006) , who assumes that one of the two components of contour tones is taken as dominant and used as a reference in tone-melody mapping. To illustrate, both RISING and FALLING tones pattern with HIGH. Moreover, when two FALLINGs occur consecutively, the offset of the second FALLING is used for mapping. The results also PACLIC 28 provide further evidence for the decomposability of contour tones in Thai. Furthermore, the results also suggest a new way of looking at parallelism between tone transitions and musical note transitions. In particular, they suggest that the composition of Thai pop songs places more importance on avoidance of opposing transitions than achieving parallel transitions. 
